Fibroblasts are known to have chemotactic responses to two components of the extracellular matrix, collagen and fibronectin. To extend these observations to other extracellular connective tissue macromolecules and their proteolytic fragments, fibroblasts from adult human skin and from late-gestation (270 d), fetal bovine ligaments were studied for chemotactic responsiveness to tropoelastin and elastin-derived peptides. Bovine ligament tropoelastin and elastin-derived peptides, generated from either human aortic elastin with human neutrophil elastase or from bovine ligament elastin with pancreatic elastase, elicited chemotactic responses that were maximal at 0.2 micrograms/ml (3 X 10(-9) M) and 0.5-2.0 micrograms protein/ml, respectively. Fractionation of the elastin-derived peptides by gel filtration (Bio-Gel P-10) indicated that comparable levels of chemotactic activity were present in all fractions, and amino acid analysis of the fractions showed no relationship between chemotactic activity and desmosine concentration. Taken in conjunction with the observations on tropoelastin, it appears that fibroblast chemotaxis to elastin components does not involve the cross-links of elastin. These results demonstrate that the influences of the connective tissue matrix upon fibroblast migration might include elastin precursors and fragments of elastin.
A B S T R A C T Fibroblasts are known to have chemotactic responses to two components of the extracellular matrix, collagen and fibronectin. To extend these observations to other extracellular connective tissue macromolecules and their proteolytic fragments, fibroblasts from adult human skin and from late-gestation (270 d), fetal bovine ligaments were studied for chemotactic responsiveness to tropoelastin and elastin-derived peptides. Bovine ligament tropoelastin and elastin-derived peptides, generated from either human aortic elastin with human neutrophil elastase or from bovine ligament elastin with pancreatic elastase, elicited chemotactic responses that were maximal at 0.2 Mg/ml (3 X 10-9 M) and 0.5-2.0,g protein/ml, re- spectively. Fractionation of the elastin-derived peptides by gel filtration (Bio-Gel P-10) indicated that comparable levels of chemotactic activity were present in all fractions, and amino acid analysis of the fractions showed no relationship between chemotactic activity and desmosine concentration. Taken in conjunction with the observations on tropoelastin, it appears that fibroblast chemotaxis to elastin components does not involve the cross-links of elastin. These results demonstrate that the influences of the connective tissue matrix upon fibroblast migration might include elastin precursors and fragments of elastin.
INTRODUCTION
Recent evidence indicates that fibroblasts have the capacity to demonstrate chemotaxis. Thus far a variety of chemoattractants for fibroblasts have been identified including lymphokines, collagen, collagen-derived peptides, a complement-related component, fibronectin, and fibronectin-derived peptides (1-8).
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Chemotactic factors
Tropoelastin. To obtain pure tropoelastin, minces of bovine ligamentum nuchae were incubated overnight at 370C with DMEM containing 5% fetal bovine serum, nonessential amino acids, penicillin (100 U/ml), streptomycin (100 ,g/ ml), and aminoacetonitrile (100 tsg/ml). At the end of the incubation period, the tissue minces were washed extensively with ice-cold water and homogenized using a Polytron (Brinkmann Instruments, Inc., Westbury, NY) at high speed in 0.5 N acetic acid containing 1 ug/ml pepstatin (Sigma Chemical Co.). The homogenate was stirred overnight at 4°C and insoluble material removed by centrifugation (10,000 g, 120 min, 4°C). The supernatant was dialyzed 2 d at 4°C against 4 liter of 0.01 N acetic acid. Precipitated material that formed during dialysis was removed by centrifugation and the supernatant was chromatographed on DEAE-cellulose as described (10) . Sodium dodecyl sulfatepolyacrylamide gel electrophoresis showed a single band corresponding to a mol wt of 70,000. The amino acid composition (Beckman, 119C amino acid analyser, Beckman Instruments, Inc., Fullerton, CA) was characteristic of purified tropoelastin (11) .
Elastin-derived peptides. Using procedures we have reported (12) , human aortic elastin was digested with human neutrophil elastase, and then the digest was separated from the elastase by affinity chromatography using Trasylol-Sepharose. Bovine ligament elastin was solubilized with porcine pancreatic elastase as follows: 600 mg of ligament elastin was added to 11 ml of a solution containing 0.1% (wt/vol) ammonium bicarbonate, pH 7.8, and 4 mg porcine pancreatic elastase. The elastin and elastase were obtained from Elastin Products Co., St. Louis, MO. After incubation (37°C, 24 h) >90% of the elastase activity in the starting reaction mixture was removed from the digest by affinity absorption using elastin as follows: 1.5 g of coarse-mesh elastin was added to the elastin-elastase digest and gently stirred for 15 min at room temperature. The digested elastin was then separated from the insoluble elastin by centrifugation. To enhance removal of the elastase, this procedure was repeated sequentially five times with fresh coarse-mesh elastin each time and the soluble product was assayed for elastolytic activity using a "4C-labeled elastin substrate (13) . The composition of the final elastin digest to be used for assays of chemotactic activity was typical of bovine elastin as determined by amino acid analysis. Pancreatic elastase at the concentration in the elastin digests (<3 ng/ml) had no effect on fibroblast migration.
Gel filtration chromatography of elastin digests. After removal of pancreatic elastase, the bovine ligament elastin digest was applied to a column (2.5 X 27 cm) of Bio-Gel P-10 (Bio-Rad Laboratories, Richmond, CA), eluted with ammonium bicarbonate, 1 g/liter, pH 7.8, at 100 ml/h, and collected in 2.4-ml fractions. The fractions were measured for absorbance at 230 nm (Beckman DU 8 spectrophotometer, Beckman Instruments, Inc.), and protein concentration was determined by amino acid analysis using a program for resolving cross-links of elastin (14) .
Fibronectin. Fibronectin purified from human plasma (15) (1, 5).
Chemotactic activity of tropoelastin. Tropoelastin-induced migration of both ligament and skin fibroblasts with a maximum response at 0.2 ,ug/ml (Fig.   1 ). The migratory activity, which was greater for the ligament fibroblasts than for the skin fibroblasts, was chemotactic as it required a tropoelastin concentration gradient to occur (Table I) . Chemotactic activity of elastin-derived peptides. Elastin-derived peptides either from bovine ligament or human aorta stimulated the migration of skin and ligament fibroblasts (Fig. 2) . were observed in the range of 0.5-2 ,ug/ml, peaking at slightly lower concentrations with aortic elastin-derived peptides. With both sources of elastin-derived peptides, human skin fibroblasts showed a lower peak of activity than ligament fibroblasts.
The cell migration to elastin-derived peptides was chemotactic as it could be abolished by putting identical concentrations of elastin digest in both compartments to eliminate a concentration gradient across the membranes (Fig. 3) .
Chemotactic activity was detectable in fractions of bovine ligament elastin digest after gel filtration chromatography (Fig. 4) . The activity did not show a predominance in any portion of the chromatogram, although relative to the protein concentration the chemotactic activity was greater in fractions corresponding to low (<14,000) molecular weight peptides. The chemotactic activity also did not bear any relation to the desmosine concentrations of the fractions. ELASTIN PEPTIDES(pg/ml) FIGURE 2 The migration of human skin fibroblasts or bovine ligament fibroblasts placed in the upper compartments of assay chambers in response to elastin-derived peptides in the lower compartments: left, bovine ligament elastin-derived peptides; right, human aorta elastin-derived peptides. Data points represent the net mean values of triplicate observations. 0, skin; *, ligament.
DISCUSSION
These results demonstrate that tropoelastin, the soluble precursor of elastin, and elastin-derived peptides have the capacity to induce fibroblast chemotaxis. Accordingly, as with two other extracellular connective tissue macromolecules, fibronectin and collagen, components of elastin may also influence the migratory activity of fibroblasts (2, (5) (6) (7) (8) .
Previously, we and others reported that human peripheral blood monocytes show chemotaxis to human and bovine elastin-derived peptides (12, 19) . In those studies the active components of the digested elastin appeared primarily in mixtures of relatively large peptides (>10,000 mol wt) that were enriched in desmosine cross-links. Accordingly, it seemed reasonable to conclude that monocyte chemotaxis to elastin products involves lysyl-derived cross-links. This suggestion was supported by the findings of Hunninghake et al. (19) that tropoelastin did not display chemotactic ac- 4 Relationships between the chemotactic activity for ligament fibroblasts, gel filtration profile, and desmosine content of bovine ligament elastin that has been digested with pancreatic elastase. Column standards: chymotrypsinogen (25,000), lysozyme (14,000), and bradykinin (1,060).
tides as chemoattractants for fibroblasts, for example, might be minor because fibronectin, which is ubiquitous and highly susceptible to proteolytic degradation into fragments with chemotactic activity for fibroblasts (8) , would likely be degraded simultaneously with elastin.
Recently, it has been observed that alveolar macrophages from patients with idiopathic pulmonary fibrosis produce and release much more fibronectin than alveolar macrophages from normal subjects, suggesting a possible pathogenetic role for fibronectin in this disease (24) . However, the finding that fibroblasts release chemotactic activity for neutrophils and monocytes (25) , which in turn can release proteinases that degrade connective tissue, emphasizes the complexity of the mechanisms that may be involved in disorders such as idiopathic pulmonary fibrosis where pathologic changes consist of admixtures of inflammation and fibrosis (26 
